K + π + final state using 657 × 10 6 BB pairs collected at the Υ(4S) resonance with the Belle detector at the KEKB asymmetric-energy e + e − collider. We use D 
is mediated by the b → c quark transition and includes the production of an additional ss pair, as shown by the Feynman diagram in Fig. 1(a) . This process produces at least three final-state particles and can thus be distinguished from much more dominant decays, which include direct D s production from the W boson vertex. An example of a process that does not involve ss quark popping is shown in Fig. 1(b) [3] .
In this paper we report measurements of the branching fractions for
We also studied the invariant mass distributions for the two-body subsystems to search for new resonances. The analysis is performed on a data sample containing (657 ± 9) × 10 6 BB pairs, collected with the Belle detector at the KEKB asymmetric-energy e + e − collider [4] that operates at the Υ(4S) resonance. The production of B + B − and B 0 B 0 pairs is assumed to be equal. 
The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter (ECL) composed of CsI(Tl) crystals, located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron fluxreturn located outside of the coil is instrumented to detect K 0 L mesons and to identify muons (KLM). The detector is described in detail elsewhere [5] . Two inner detector configurations were used. A 2.0 cm beam pipe and a 3-layer silicon vertex detector were used for the first sample of 152 × 10 6 BB pairs, while a 1.5 cm beam pipe, a 4-layer silicon detector and a small-cell inner drift chamber were used to record the remaining 505 × 10 6 BB pairs [6] . Charged tracks are required to have a distance of the closest approach to the interaction point less than 5 cm in the beam direction (along the z-axis) and less than 5 mm in the transverse (r − φ) plane. In addition, we only select charged tracks that have transverse 
includes a selection on the signal region of the remaining two. The red dashed curves show the results of the overall fit described in the text, the blue dashed curves correspond to the signal components and the green dashed curves indicate the fitted background for M (D s ). momenta larger than 100 MeV/c.
To identify charged hadrons, we combine information from the CDC, ACC and TOF into pion, kaon and proton likelihood variables L π , L K and L p . For kaon candidates we then require the likelihood ratio
to be larger than 0.6. We also apply the proton veto condition: L p/K < 0.95. Pions are selected from tracks with low kaon probabilities satisfying a likelihood ratio condition L K/π < 0.6 together with a proton veto L p/K < 0.95. In addition, we reject all charged tracks consistent with the electron or muon hypothesis. The above selection results in a typical kaon (pion) identification efficiency ranging from 92% to 97% (94% to 98%) for various decay modes, while 2% to 15% of kaon candidates are misidentified pions and 4% to 8% of pion candidates are misidentified kaons.
The D + s candidates are reconstructed in three final states: [7] . The signal B meson decays are identified by three kinematic variables, the D ( * ) s invariant mass, the energy difference, ∆E = E B − E beam , and the beam-energy-constrained mass,
Here E B and p B are the reconstructed energy and momentum of the B candidate, and E beam is the run-dependent beam energy, all are calculated in the center-of-mass (CM) frame. For further analysis we retain events in the candidate region defined as:
and −0.08 GeV < ∆E < 0.2 GeV. The lower bound in ∆E for candidate events is chosen to exclude a possible background from B → D s X decays with higher multiplicities. From GEANT [8] based Monte Carlo (MC) simulation, we deduce that the signal peaks in a signal box are defined by the requirements:
132 GeV/c 2 ), 5.27 GeV/c 2 < M bc < 5.29 GeV/c 2 and |∆E| < 0.03 GeV. Based on MC simulation, the region 2.88 GeV/c 2 < M(
2 is excluded to remove background from 2 |. We exploit the event topology to discriminate between spherical BB events and the dominant background from jet-like continuum events, e + e − →(q = u, d, s, c). We use the event shape variable R 2 defined as the ratio of the second and zeroth Fox-Wolfram moments [9] and require that R 2 be less than 0.4.
The signal yields are extracted using unbinned extended maximum-likelihood fits to the (∆E, M bc , M(D ( * ) s )) distributions of the selected candidate events. The likelihood function is given by:
where i is the event identifier, N is the total number of events in the fit and N S (N B ) is the number of signal and background events, respectively. We use Gaussian functions to 
we select on the signal region of the remaining two. The red dashed curves show the results of the overall fit described in the text, the blue dashed curves correspond to signal components and the green dashed curves indicate the fitted background for M (D * s ).
parameterize the signal probability density function in ∆E and M bc and a double Gaussian function with a common mean for the M(D ( * ) s ) distribution:
where 
The background is parameterized with a second-order polynomial (p2) in the ∆E distribution. For the M bc background distribution we choose a parameterization that was first used by the ARGUS collaboration [10] 
where ζ is a fit parameter. Finally, the M(D ( * ) s ) background distribution is described by the sum of a double Gaussian function and a second-order polynomial:
The values of the variables w 0 , w 1 , w 2 , ζ, v 0 , v 1 , v 2 are determined in the fit, whereas the f 2 were fitted and a significant background contributing to the signal yields was found for the
Final signal yields were obtained by subtracting these contributions from the nominal fit values.
The signal yields together with statistical significances are listed in Table I . The significance is defined as −2ln(L 0 /L max ), where L max (L 0 ) denotes the maximum likelihood with the signal yield at its nominal value (fixed to zero).
The reconstruction efficiencies, determined using MC samples of e + e − → Υ(4S) → B + B − decays, are listed in Table I. This table also [7] .
Systematic uncertainties are listed in Table II . The contribution (f) due to the selection procedure is dominated by the R 2 requirement. This uncertainty is estimated conservatively as the maximum variation of the efficiency-corrected signal yield, when the R 2 selection value is varied over a wide range (values between 0.25 and 0.55). The uncertainty (g) due to the fit range is determined by varying the candidate region. To evaluate the contribution (h) we repeat the fits varying the shape parameters by ±1σ. The uncertainty (i) is estimated as the statistical error in the selection efficiency, increased conservatively by a factor obtained from the difference between the value of the branching fraction for the appropriate control channel and the generated branching fraction. The overall systematic error is obtained by summing these contributions in quadrature.
The average branching fractions for the decays
are determined from a simultaneous fit to the data containing events from all three D s decay modes. Here, the systematic uncertainties are calculated as in the individual channels (Table II) . 
These branching fractions are compatible with the values reported by the BaBar collaboration [2] .
The invariant mass distributions of the D ( * )− s K + subsystem are incompatible with those expected for three-body phase space production and exhibit strong enhancements around 2.7 GeV/c 2 (see Fig. 4 ). These features may be explained by the production of charm resonances with masses below D ( * )− s K + threshold [3] . 
